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Abstract
The price fluctuation risk of agricultural products has become one of the main risks faced by agricultural producers. The
objective of implementing market risk management is to measure and assess accurately the sizes and degrees of risk involving 
agricultural products. In this paper, measurement and analysis of fruit market price risk were conducted on fruit species such as 
Fuji apple, orange, banana, pear, grape, watermelon and strawberry, using the VaR method. Empirical results show that normal 
distribution is not the optimal distribution model that can be applied in assessing fruit market risk. This is because different fruits
have different degrees of market risk (i.e., strawberries and watermelons are fruits with high risk levels; apples, bananas and 
pears have relatively low risk levels; and grapes and oranges have middle risk levels). According to the results, fruits that belong 
to the same market risk level have similar features. It is thus necessary to conduct fruit market risk management with risk 
monitoring by classifying different types of produce as a single unit. This ensures efficiency and accuracy and reduces 
substantially the cost of market risk management.
© 2010 Published by Elsevier B.V.
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Agricultural market risk (which also covers price risk), refers to the uncertainties of the expected returns an 
agricultural producer faces, in relation to certain production factors, to be able to produce the final product during 
the process of commercialization . These uncertainties exist because of market price fluctuation, making it difficult
to give a probability value of possible circumstances. In the market economy, agricultural market price fluctuation is 
normal, but once the fluctuation margin exceeds the expectations of production operators, risk will exist. Currently, 
research on agricultural market risk is focused on the level of theoretical analysis and discussion of agricultural 
market risk characteristics, as well as the formulation of preventive measures. In quantitative research, researchers
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normally use time-series, statistical, margin and filtering analyses, as well as coefficient of variation and equilibrium 
model to demonstrate the fluctuation, discipline, characteristics, and volatility of the market price of agricultural 
products. However, one common problem of these methods is that they tend to neglect the quantitative description 
of agricultural price fluctuation probability distribution, implying the assumption that the fluctuation probability of 
all agriculture product prices is the same. This problem results in the inaccurate measurement of the size of 
agricultural product market risk; in addition, the definition of market risk may be influenced by human subjectivity.
Simultaneously, an effective risk assessment on the degree of market risk cannot be accomplished, resulting in the 
lack of quality scientific references related to market risk management.
With the continuous development of market economy and global economic integration, various factors have 
begun to influence the market risk phenomenon; as such, measuring risk size and assessing risk itself have become 
important components of risk management. The concept and method of risk measurement stems from the need for
securities and financial assets portfolio management, which evaluates and measures the impact and consequences of 
market risk; it also gauges market risk probability and the scale and severity of risk occurrence. The main role of 
risk measurement is to develop proper market risk management and implement measures to control market risk. 
Currently, the VaR method is the most widely used risk management method. Particularly in the last few years, 
many financial institutions managers have begun to consider this method as an industry-wide standard through 
which risks are measured. The Value at Risk (VaR) method is an effective method because it is able to summarize 
all the risks into one figure; this single figure can then be used to demonstrate the size of the market risk and pre-
calculate it, thereby allowing risk managers to easily assess and control such risk [1].
In recent years, some scholars in the agricultural market have measured the risk of the agriculture futures market 
using the VaR method. Giot (2002) measured the return volatility of coffee, cocoa, and sugar using continuous data 
of the futures market and measured the market risk of traders using the VaR method [2]. Han (2008) took hard wheat 
futures in the Zhengzhou Commodity Exchange as a case study. By constructing hard wheat futures, contracts 
yielded continuous time series, after which he calculated the VaR value of the series. From his findings, he then 
proposed a method combining VaR curve and margin levels to implement a single early waning indicator of the 
commodity futures market risk [3]. Zhang et al. (2010) conducted a measurement research on animal product market 
risk using the VaR method. The research results showed that normal distribution is not the optimal distribution 
model suitable for the animal product market price risk of China; in contrast, they discovered that the VaR method is 
a practical measurement tool to assess the agriculture product market risk [5]
2. Basic Principle of VaR
. However, their research has mainly 
been implemented in the investment risk of the futures market, and there is little research in the measurement of spot 
market price volatility of agricultural products.
This paper takes various species of fruit, including Fuji apple, orange, banana, pear, grape, watermelon and 
strawberry, as research objects. We then used the VaR method in order to construct a probability distribution model 
of price fluctuations by calculating the risk value of price fluctuation and dividing market price risk rating. The 
results will provide government agencies with quantitative bases, through which they can effectively control fruit 
market risk, protect the basic interests of farmers, and promote the healthy and continuous development of the fruit 
industry.
VaR, as a risk management tool, originated from the Risk Metrics risk management system developed by the JP 
Morgan Group. Its popularity grew abroad in the 20th century and became the primary method used in the 
measurement of market risk. It was further developed by Jorion (1996), Duffe and Pan (1997), Danielsson (1997), 
Berkowi (1999) and Simons (2000), among others. Since then, it has been widely used as an internationally 
recognized method of risk management [4].
2.1 Definition of VaR
VaR is called “Value at Risk”. The original definition of VaR is defined as follows: in a normal financial market 
condition and a certain confidence level Į, the size of loss X is measured out in the expected worst case of a given 
period of time [3]. In other words, VaR actually answers, in the given probability, the maximum possible loss of a
portfolio in a holding period, which is also the suffered degree of risk. The following is the strict mathematical 
definition:
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Set X is defined as a random variable to describe portfolio loss, F(x) is the probability distribution function, and
the confidence level is Į, therefore: `^
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Here, ǻX is the loss of portfolio in the holding period, and VaR is the value at risk under confidence level Į. As 
can be seen, VaR actually calculates the upper and lower quartiles of F(x) under confidence level Į.
2.2 The assumptions of the VaR model
In general, quantitative analysis of socio-economic phenomena with a mathematical model must follow certain 
assumptions. The VaR model includes the following assumptions: a) the market is efficient; b) market volatility is 
random.
From the object of study in this paper, we can see that the agricultural market of China has been proven, in 
previous studies, to be the weak form efficiency market. Furthermore, China has relatively high degree of openness 
in fruit market, the price is determined mainly by market supply and demand, and market price fluctuation is random. 
Therefore, this fruit market can completely satisfy the required assumptions of the VaR model, guaranteeing the 
possibility that the fruit market risk of China could be calculated using the VaR method. 
2.3 The measurement procedure of fruit market risk based on VaR
Fruit market risk value refers to the size of the market risk of the maximum fluctuation of fruit price in a certain 
period of time under normal market conditions and a certain confidence level. Under this definition, the 
measurement of the risk value of the fruit market price in China should abide by the procedures indicated below.
(1) Fruit market price sequence processing and statistical features analysis. Research market price volatility 
risk should remove the trend of history price data first, and only study the fluctuation to reduce the influence by 
changes in currency value, changes in interest rates, inflation, and other factors. This paper used chain statistics to 
construct the price time series into a chain of fruit growth rate of the price time series, and then statistically describe 
this new sequence.
(2) Choice of fruit market price fluctuation risk probability distribution model. Despite the variance, standard 
deviation and coefficient of variation as well as other simple statistics of fruit market price volatility can roughly 
describe its market risk situation; however, these simple statistics imply the unrealistic assumption that different 
volatilities of fruit prices have the same probability. Therefore, it is necessary to analyze the probability distribution 
of fruit market price volatility to fix the optimal probability distribution model considered suitable to the fruit 
market price risk, thereby ensuring accuracy in the measurement of fruit market price risk.
(3) Calculation of fruit market price risk value. A definite optimal probability distribution model suitable to
fruit market price risk was used to calculate the upper and lower quartiles under a certain confidence level. Formula 
(1) was then combined to calculate the maximum value deviated from expected fruit market price in a certain period 
(i.e. the risk value of fruit price).
3. Empirical Analyses
3.1 Stationarity test and statistical analysis of data
The market prices of seven fruit variants (i.e., Fuji apples, oranges, bananas, pears, grapes, watermelons, and 
strawberries) were derived from the wholesale market price found in the China agriculture information network.
These were gathered through the weighted average of various market data to obtain the nationwide monthly average 
price. The collected data spanned the period of January 2000 to December 2009, with a total of 120 sets of data
samples obtained.
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The goal of time series data analysis is to perform a unit root test of the stability of the time series. This is 
because when traditionally analyzing time series, the required time series must be stable; if the sequence is not 
stable, it means that the time series data characters changed over time, signalling that there may have been “spurious 
regression” problems. The ADF and the PP tests were used to conduct the stationarity test on the time series of chain 
growth of the fruit market price of the seven types mentioned above. The test results show that the fruit market price 
chain growth sequences of all seven variants rejected the assumption of the existence of a significant unit root under 
1%. Therefore, the chain growth time series of all seven fruit market prices comprise a stationary sequence.
Eviews 5.0 software was utilized to conduct statistical characterization on the market price sequences of the fruit 
variants mentioned above (Table 1). Statistical results from the mean, maximum and minimum values, as well as 
from the standard deviation indicators, indicated the volatility in fruit market price of China. Relative random 
fluctuations of market prices are all more than 10%, thereby indicating a relatively high market risk.
Several analyses can be made from these results. (1) the standard deviations of seasonal fruits, such as
strawberries and watermelons, are greater than those of other fruits; in fact, the market risk of these two fruits is 
higher than that of other fruits. (2) the skewness coefficients of apples and pears are negative, whereas those of 
bananas, grapes, oranges, strawberries, and watermelons are positive. These indicate that the market prices of apples
and pears are generally higher than it’s average prices, whereas the market prices of bananas, grapes, citrus, 
strawberries, and watermelons are generally lower than it’s average prices; (3) From the perspective of JB statistic 
and its concomitant probability, the market price risks of bananas, citrus, pears, strawberries, and watermelons
rejected the assumption of normal distribution at the 5% significant level. Although apples and grapes accepted the
normal distribution assumption at 47.4% and 48.6%, respectively, their probabilities are not high and their kurtoses
are greater than 2. The skewness coefficient of apple is less than zero, while that of grapes is close to zero. Thus, 
from a comprehensive view of various statistical data, assuming that the market risks of apples and grapes are 
subject to normal distribution is not sufficiently accurate.
Table 1 Simple statistics list of the main fruit market prices in China
Apple Banana Grape Orange Pear Strawberry Watermelon 
Mean 0.012 0.003 0.037 0.028 0.013 0.168 0.056 
Median 0.020 -0.003 0.057 -0.012 0.042 -0.089 0.058 
Max value 0.343 0.298 0.851 0.856 0.270 9.600 1.471 
Min value -0.295 -0.204 -0.563 -0.530 -0.323 -0.467 -0.580 
Standard Deviation 0.119 0.095 0.260 0.242 0.121 1.200 0.363 
Skewness -0.268 0.618 0.084 0.834 -0.594 6.459 0.656 
Kurtosis 3.114 3.642 3.513 4.042 2.979 47.447 4.267 
JB Statistic 1.493 9.614 1.443 19.179 7.004 10622.720 16.501 
Probability P 0.474 0.008 0.486 0.000 0.030 0.000 0.000 
3.2 The distribution of fruit market price risk
In measuring the volatility risk of the fruit market price, the probability distribution of market risk should first be 
obtained. In order to reflect the probability distribution model of the market price fluctuations risks of different fruit 
varieties objectively and accurately, eight models widely used in market risk research at home and abroad were 
selected as candidate models. These eight models include Beta distribution, Burr distribution, Normal distribution, 
Logistic distribution, Log-Logistic distribution, Gamma distribution, and Weibull distribution. The KS test, the AD 
test, and the Chi-square test were used to choose the optimal probability distribution of every fruit market price 
fluctuation risk. The selection criteria used include the following: if the results of all three test methods are 
consistent, this result must be selected; if the results of three test methods are not same, the AD test result must be 
selected because it is the most stable one among the three test methods used [5]
The test results show that the normal distribution is not the best model that fits the fruit market price volatility 
risk of China. The fitting result has a lower-ranking among the candidate models, confirming the analysis of the time 
series of statistical features of fruit market price shown in Table 1. At the same time, the optimum probability 
.
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distributions of the market price fluctuation risk of the seven fruit variants are different. Apples, bananas, pears,
strawberries, and citrus obey the Burr distribution; grapes obey the Log-Logistic distribution; and watermelons obey 
the Logistic distribution. This also means that the scale and causes of different fruit market price fluctuation risks
are different. The satisfactory fit of the main fruit market price fluctuation risk probability distributions in China are 
shown in Tables 2, 3, and 4.
Table 2 Goodness of fit of the main China fruit market price fluctuation risk probability distributions (Group 1)
Distribution 
Apple Banana Grape 
KS AD Chi-Squared KS AD Chi-Squared KS AD Chi-Squared
Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank
Beta 0.05 3 0.36 3 0.98 1 0.06 2 0.41 5 2.73 4 0.09 5 1.07 5 14.88 4
Burr 0.05 2 0.27 1 1.26 2 0.05 1 0.34 1 3.38 6 0.07 2 0.74 2 9.66 3
Gamma 0.08 8 0.93 8 4.92 8 0.06 4 0.41 4 2.49 2 0.10 8 1.31 8 15.30 5
Log-Logistic 0.04 1 0.36 2 1.73 6 0.06 5 0.36 2 4.60 8 0.07 1 0.74 1 9.64 2
Logistic 0.06 5 0.46 5 1.51 4 0.08 7 0.67 7 1.77 1 0.08 3 0.76 3 8.78 1
Lognormal 0.07 7 0.70 7 3.03 7 0.06 3 0.39 3 2.57 3 0.09 7 1.20 6 15.87 7
Normal 0.07 6 0.58 6 1.61 5 0.08 8 0.80 8 2.76 5 0.08 4 1.05 4 16.77 8
Weibull 0.06 4 0.41 4 1.37 3 0.06 6 0.62 6 3.52 7 0.09 6 1.28 7 15.76 6
Table 3 Goodness of fit of the main China fruit market price fluctuation risk probability distributions (Group 2)
Distribution 
Pear Strawberry Watermelon 
KS AD Chi-Squared KS AD Chi-Squared KS AD Chi-Squared
Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank
Beta 0.09 3 0.67 3 7.55 3 0.50 8 35.9 8 281.7 7 0.09 8 1.09 8 10.68 8
Burr 0.09 1 0.60 1 6.61 1 0.05 1 0.28 1 2.95 1 0.08 6 0.95 6 9.45 6
Gamma 0.14 8 2.09 8 21.95 8 0.20 5 6.89 4 45.3 4 0.08 5 0.88 5 9.40 5
Log-Logistic 0.10 4 1.55 4 16.79 4 0.06 2 0.74 2 6.15 2 0.06 2 0.69 3 8.06 3
Logistic 0.14 7 1.97 7 17.22 5 0.32 7 22.2 6 138.5 5 0.06 1 0.55 1 9.85 7
Lognormal 0.13 6 1.86 6 21.80 7 0.11 3 2.22 3 14.3 3 0.07 4 0.80 4 7.30 2
Normal 0.13 5 1.69 5 21.58 6 0.32 6 25.9 7 147.2 6 0.06 3 0.60 2 4.23 1
Weibull 0.09 2 0.61 2 6.62 2 0.18 4 11.6 5 N/A N/A 0.08 7 0.98 7 8.13 4
Table 4 Goodness of fit of the main China fruit market price fluctuation risk probability distributions ( Group 3)
Distribution 
Orange 
KS AD Chi-Squared KS AD Chi-Squared KS AD Chi-Squared
Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank Stat. Rank
Beta 0.06 5 0.49 5 3.38 4
Burr 0.04 1 0.14 1 1.32 2
Gamma 0.06 4 0.48 4 4.56 5
Log-Logistic 0.04 2 0.19 2 0.67 1
Logistic 0.08 7 1.29 7 5.50 6
Lognormal 0.05 3 0.39 3 2.94 3
Normal 0.09 8 1.52 8 5.82 7
Weibull 0.08 6 1.19 6 11.27 8
Based on the optimized market risk probability distribution models, Maximum Likelihood Estimation (MLE) was 
used to respectively estimate the parameters of different fruit market risk probability distribution models in order to 
calculate the quartiles of different fruits under different probability distribution models. Estimation results are shown 
in Table 5.
Table 5 Optimal probability distributions and parameters of the main China fruit market price risk fitting
Variety Optimal Distribution Parameters
watermelon Logistic V=0.20004 P=0.05585
Grape Log-Logistic D=1.6201E+8 E=2.3152E+7 J=-2.3152E+7
Apple Burr k=4.4762 D=8.2143 E=0.93447 J=-0.73342
Banana Burr k=2.5061 D=3.7933 E=0.34442 J=-0.25952
Pear Burr k=54.548 D=10.543 E=1.5844 J=-1.021
Strawberry Burr k=0.37661 D=5.4443 E=0.38467 J=-0.60617
Orange Burr k=0.37887 D=2.4316E+6 E=1.9270E+5 J=-1.9270E+5
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3.3 Calculation of fruit market price risk value using VaR
The upper and lower quartiles of the optimal probability distributions of the market price fluctuation risks of the 
seven fruit variants under 95% confidence level were calculated using Matlab mathematic software. We also used 
the selected optimal probability distribution model used to fit the market price fluctuation risk of Fuji apple, orange, 
banana, pear, grape, watermelon and strawberry, depending on the mathematical function form of different 
probability distribution models. Afterwards, we also used formula (1) to respectively calculate the specific risk 
values of the market price fluctuation risk of the seven fruit variants under a 95% confidence level in order to obtain 
the VaR value (Table 6).
Table 6 The market price fluctuation risk values of the main fruit variants under the 95% confidence interval
Apple Banana Grape Orange Pear Strawberry Watermelon 
Up VaR Value 19.56% 16.97% 42.08% 62.66% 18.53% 165.80% 64.49%
Low VaR Value -19.07% -13.56% -42.08% -15.30% -20.29% -27.01% -53.32%
Some analyses can be made from the calculation results, and these are listed below. 
(1) Under normal market conditions, there is a 95% certainty that the relative safety intervals of the monthly 
fluctuations of the market prices in the chain of all seven fruit variants are: apples [19.56%, -19.07%], bananas
[16.97%, -13.56%], grapes [42.08%, -42.08%], oranges [62.66%, -15.30%], pears [18.53%, -20.29%], strawberries
[165.80%, -27.01%], and watermelons [64.49%, -53.32%].
(2) The market price upside risks of five fruit variants (i.e., apples, bananas, oranges, strawberries, and 
watermelons) are higher than their market price fall risks. Although the rise of fruit market prices can bring certain
benefits to farmers, fruit sales could be blocked because of market customer demand decline, among other reasons. 
In turn, this could bring greater risk to farmers. In contrast, the market price upside risk of grapes is the same with 
their market price fall risk, whereas the market price fall risk of pears is slightly higher than their market price 
inflation risk.
(3) The market risk can be divided into three levels for all seven fruit variants.
The first group consists of fruits with high market risk level. Strawberries and watermelons belong to this risk 
level group. This conclusion is the same as the analysis result in Table 1. Their respective up and down VaR 
values are much higher than those of other fruit varieties. Strawberry has the largest market risk value, with an up 
VaR value of as high as 165.80%, 10 times that of banana (the fruit with the lowest risk value). In addition, the 
down VaR value of watermelon is the highest in all fruit variants, and it is four times that of banana. Seasonal 
availability is a common feature of these kinds of fruits. They are difficult to store in the peak season, during 
which their market prices may reach low points. In contrast, when their peak season is over, their market prices
could suddenly rise two to three times. There are instances wherein prices could even increase up to 10 times or 
more.
The second group consists of fruits with low market risk level. Apples, bananas, and pears belong to this 
group. From the results, their up and down VaR values are generally within 20%. The common features of these
fruit variants are that they are perennially available, easily stored and transported, and can supply the market all 
year round; thus, their market prices generally do not fluctuate drastically under normal circumstances (i.e., 
without considering the impact of possible emergencies).
The third group consists of fruits with medium risk level. Grapes and oranges belong to this group, and their 
risk value is between high and low. The common features of these fruit variants are that they are perennially 
available and can be stored and transported. However, the seasonal characteristic of the market is evident in the 
way they follow a certain sales cycle. Thus, they cannot supply the market all year round.
4. Conclusion and Discussion 
This paper measures the market price volatility risk values of seven fruit variants in China using the VaR method. 
The empirical analysis shows that the VaR method can effectively measure the market risk of fruit as well as 
describe the probability distribution of market price fluctuation of every fruit variety. Furthermore, it can accurately 
calculate the major fluctuation of the market prices of all fruit variants, express market risk values of these fruits 
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using objective data, and provide a quantitative basis for carrying out risk assessment and management of the fruit 
market under market economy conditions. 
According to the market risk values calculated from different fruit varieties, the market price risk scales of 
different fruit varieties are different, and these can help divide the fruit variants into three market risk levels. At the 
same time, this study also shows that the fruit varieties at the same market risk level have similar characteristics. In 
other words, the market risk type and the characteristic of the fruit, such as size, are correlated. Therefore, when 
performing fruit market risk management, it is necessary to observe risk control with variety as a unit of 
categorization. Risk control provides market risk management with a definite purpose; it also saves management 
cost and significantly improves risk management efficiency.
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